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METHOD FOR INHIBITING VIRUS
REPLICATION IN MAMMALIAN CELLS
USING CARBOSTYIL DERIVATIVES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a 371 of PCT10595/09141 filed Jul. 8,
1995 which is a continuation-in-part of U.S. patent appli-
cation Ser. No. 08/283,707, filed Aug. 1, 1994, now U.S. Pat.

No. 5,504,003.

FIELLD OF THE INVENTION

The present invention relates to a method for inhibiting
nucleoside and nucleobase transport in mammalian cells, as
well as to a method for inhibition of virus replication, and

augmenting phosphorylation of nucleoside analogues,

wherein each method uses, as the active agent, a carbostyril
derivative.

BACKGROUND OF THE INVENTION

L. Carbostyrils

Carbostyril derivatives represented by the following gen-
eral formula (1), and salts thereof:

(1)

wherein R is a benzoyl group which may optionally have

lower alkoxy groups on the phenyl ring as substituents

and the carbon-carbon bond in the 3 and 4 positions of

the carbostyril skeleton is a single bond or double bond,

are well-known in the art (U.S. Pat. No. 4,415,572, which is
incorporated by reference herein in its entirety). |

These carbostyrils have been found to be an oral inotropic
agent that augments myocardial contractility in model
systems, with little effect on the heart rate or myocardial
oxygen consumption (Feldman et al, N. Engl. J. Med.,
329:149-155 (1993)), and are useful for treatment of
patients with congestive heart failure (U.S. Pat. No. 4,415,
572; and Hori et al, Jpn Circ. J., 50:659-666 (1986)).
Several studies have demonstrated that the above carbostyr-
ils improve hemodynamic indexes, and exercise capacity in
congestive heart failure patients (Inoue et al, Heart Vessels,
2:166—171 (1986); Sasayama et al, Heart Vessels, 2:23-28
(1986); and Feldman et al, Am. Heart J., 116:771-777
(1988)). In addition, multi-center randomized placebo-
controlled trials both in Japan and in the United States have
demonstrated that these carbostyrils improve both quality of
life and reduced the risk of death in patients with congestive
heart failure (OPC-8212 Multicenter Research Group, Car-
diovasc. Drugs Ther.,, 4:419-425 (1990); Feldman et al, Am.
J. Cardiol., 68:1203-1210 (1991); and Feldman et al, N.
Engl. J. Med., 329:149-155 (1993)).

The mechanisms of action associated with the inotropic
properties of these carbostyrils include a decrease in potas-
sium current (Hjima et al, J. Pharmacol. Exp. Ther.,
240:657-662 (1987)), a mild inhibition of
phosphodiesterase, and an increase in the inward calcium
carrent (Yatani et al, J. Cardiovasc. Pharmacol.,
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2

13:812-819 (1989); and Taira et al, Arzneimittelforschung,
34:347-355 (1984)). However, the dose of the carbostyrils
which was most effective in reducing mortality (60 mg
daily) showed no or little hemodynamic effect, implying that
the drug may reduce mortality through another mechanism,
rather than its positive inotropic effect (Feldman et al, N.
Eng. J. Med., 329:149-155 (1993); and Packer, N. Engl. J.
Med., 329:201-202 (1993)).

The above carbostyrils are also known to inhibit the
production of various cytokines, including TNF-o and IL-6,
by lipopolysaccharide-stimulated peripheral blood mono-
nuclear cells (PBMC) in a dose-dependent manner
(Maruyama et al, Biochem. Biophys. Res. Commu.,

195:1264-1271 (1993); and Matsumori et al, Circul.,

89:955-958 (1994)).

Moreover, they can induce a reversible neutropenia asso-
ciated with a decrease in CFU-C (Feldman et al, Am. Heart
J., 116:771-T77 (1988); OPC-8212 Multicenter Research
Group, Cardiovasc. Drugs, Ther, 4:419-425 (1990); Feld-
man et al, Am. J. Cardiol., 68:1203-1210 (1991); and
Feldman et al, N. Engl. J. Med., 329:149-155 (1993)).

Additionally, the above carbostyrils have been found to be
useful in regulating apoptosis (programmed cell, death), and
in the treatment of cancer, inhibition of tumor metastasis and
inhibition of RNA virus replication (U.S. patent application
Ser. No. 07/989,028, filed Apr. 30, 1993, which corresponds
to Buropean Patent Publication 0552373, each of which is
incorporated by reference herein in their entirety; Nakai et
al, Jpn. J. Cancer Res., Abstract, and Proc. Jpn. Cancer
Assoc., page 581 (1993); and Maruyama et al, Biochem.
Biophys. Res. Comm., 195:1264-1271 (1993)).

It has been surprising to find in the present invention that
these carbostyrils, particularly the species 3,4-dihydro-6-{4-
(3,4-dimethoxybenzoyl)-1- piperazinyl]-2(1H)-quinoline
(hereinafter ‘“vesnarinone”), inhibit nucleoside and nucleo-
base transport in mammalian cells, as the structures of these
compounds are entirely different from the structure of
known compounds which inhibit nucleoside and nucleobase
transport.

IL. Epstein-Barr Virus

Epstein-Barr virus (EBV), a human lymphotropic herpes
group DNA virus, infects human B lymphocytes, and 1s
linked to a variety of lymphoproliferative diseases (Miller et
al, Virol., Second Edition, pages 1921-1958 (1990)). There
are several reports indicating that the reactivation of EBV
may be linked to the development of B-cell mediated
autoimmunity (Fox, J. Virol. Methods, 21:19-27 (1988);
Fox et al, Springer Semin. Immunopathol., 13:217-231
(1991); and Logtenberg et al, Immunol. Rev., 128:23-47
(1992)).

EBV persists in B lymphocytes as a latent infection in
vivo and in vitro. In its latent form, the EBV genome exists
in a circular episomal form, and gene expression is relatively
limited (Sample et al, J. Virol, 64:1667-1974 (1990)). In
vitro, the expression of latent genes is associated with
immortalization and with resistance of host cells to
apoptosis, related, at least in part, to the up-regulation of
bel-2 gene expression (Henderson et al, Cell, 65:1107-1115
(1991); and Gregory et al, Nature, 349:012—-614 (1991)).
Replication of the EBV genome in the latent phase is

controlled by host cell polymerases, and occurs strictly
during S-phase of the host cell cycle (Adams, J. Virol,

61:1743-1746 (1987)).
Various reagents including phorbol esters, n-butyrate,

halogenated pyrimidines, calcium ionophores, and anti-
immunoglobulin (Ig) antibodies can initiate the switch into



3,670,520

3

the lytic or productive EBV replication phase in latently
infected B lymphocytes (Tovey et al, Nature, 276:270-272
(1978); Gerber, Proc. Natl. Acad. USA, 69:83~85 (1972);
Faggioni et al, Science, 232:1554-1556 (1986); Takada, Int.
J. Cancer, 33:27-32 (1984);, and Takagi et al, Virol.,
185:309-315 (1991)). Replication of EBV genome in the
productive phase, where a large number of infectious EBV
virions are produced, is independent of host cell DNA
replication, but can be affected by alteration of the intrac-
ellular deoxynucleobase pool (Datta et al, Proc. Natl. Acad.
Sci. USA, 77:5163-5166 (1980)). Clinicopathologicaly,
entry into the productive phase of the EBV cycle is pur-
ported to play an important role in the reactivation of EBV
infection in vivo. |

It has been surprising to find in the present invention that
the above carbostyrils, particularly vesnarinone, are useful
in inhibiting DNA virus replication, as evidenced by data in
an EBV model system, and data in a CMV model, and
provides a synergistic effect, when used together with an
anti-DNA virus compound.

III. Augmentation of Phosphorylation of Nucleoside
Analogues

It also had been surprisingly found in the present inven-
ton that the above carbostyrils, particularly vesnarinone,
inhibit transport of thymidine, but not AZT, are useful in
augmenting phosphorylation of nucleoside analogues,
particularly, AZT, and provide a synergistic effect, when
used together with an anti-RNA virus compound, in inhib-
iting RNA virus replication, as evidenced by data in an HIV
model system.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
for inhibiting nucleoside and nucleobase transport in a
mammalian cell.

Another object of the present invention is to provide a
method for inhibiting DNA virus replication.

A further object of the present invention is to provide a
method for treatment of EBV infection.

A still further object of the present invention is to provide
a method for treatiment of CMYV infection.

An additional object of the present invention is to provide
a method for augmenting phosphorylation of nucleoside
analogues.

Yet another object of the present invention is to provide a
method for inhibiting RINA virus replication.

A still further object of the present invention is to provide
a method for treatment of HIV infection.

These and other objects of the present invention, which
will be apparent from the detailed description of the inven-
tion provided hereinafter, have been met by the use of a
carbostyril derivative represented by the following general
formula (1), and salts thereof:

(1)

wherein R is a benzoyl group which may optionally have
lower alkoxy groups on the phenyl ring as substituents and
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the carbon-carbon bond in the 3 and 4 positions of the
carbostyril skeleton is a single bond or double bond.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1B show ["H]thymidine incorporation by
human T cells stimulated for 48 hrs with 10 pg/ml PHA in
the presence of 0~250 uM vesnarinone (FIG. 1A); and in the
presence of RPMI 1640 medium., in the absence of any drug,
in the presence of HEPES buffer, and in the presence of 250
MM vesnarinone, 100 puM deferoxamine or 15 nM aphidi-
colin (FIG. 1B). FIG. 1C shows cell numbers after human T
cells are stimulated for 0—120 hrs with 10 pg/mi PHA (@) in
the presence of RPMI 1640 medium in the absence of any
drug (o), in the presence of HEPES buffer ((J), 250 yM
vesnarinone (), 100 yM deferoxamine (A) or 15 nM
aphidicolin (4).

FIGS. 2A-2F show cellular DNA content, as measured by
fluorescence intensity, determined after human T cells were
stimulated for 0-~120 hrs with: RPMI 1640 medium (FIG.
2A); 10 pg/ml PHA (FIG. 2B); 10 pug/ml PHA in the
presence of HEPES buffer (FIG. 2C); 10 pg/ml PHA in the
presence of 250 pM vesnarinone (FIG. 2D); 10 ug/ml PHA
in the presence of 15 nM aphidicolin (FIG. 2E); or 10 pg/ml
PHA in the presence of 100 pM deferoxamine (FIG. 2F).

FIG. 3 shows ["H]thymidine, [°H]uridine and [°H]amino
acid incorporation by human T cells stimulated for 48 hrs
with 10 pg/ml PHA in the presence of 250 uM vesnarinone,
100 pM deferoxamine or 15 nM aphidicolin.

FIG. 4 shows the effects on [PH]nucleoside or [°H]
nucleobase transport in human T cells stimulated for 48 hrs
with 10 pg/ml PHA in the presence of 250 uM vesnarinone,
100 pM deferoxamine, 15 nM aphidicolin or 1.0 uM dipy-
ridamole.

FIGS. SA-5D show the dose-dependent effects of 0—750
UM vesnarinone on the transport of [°HJ]adenosine (o) or
[°H]adenine (@) in Raji cells (FIG. 5A) or CHO cells (FIG.
S5C); and the dose-dependent effects of 0-100 pM dipy-
ridamole on the transport of [°HJadenosine (o) or [°H]
adenine (@) in Raji cells (FIG. 5B) or CHO cells (FIG. 5D).

FIGS. 6A—6B show cell numbers counted 120 hrs after
incubation of CHO cells with 50 nM 5-Fud in the presence
of 0-250 pM vesnarinone (FIG. 6A); or 1-10 pM dipy-
ridamole (FIG. 6B).

FIG. 7 shows the actual percentage of DMSO-released
Akata celis stimulated with 50 pg/ml of anti-IgG antibody in
the presence of vesnarinone at concentrations ranging from
0—-100 pg/ml, and which express ZEBRA, as determined by |
flow cytometry (FCM), and the number of cells positive for
EBY DNA, as determined by in situ hybridization.

FIGS. 8A-8D represent Western blots of lysates from
DM5SO0-released Akata cells stimulated with 50 pg/ml of
anti-IgG antibody in the absence (—) or presence of
vesnarinone at a concentration of 30 ug/ml (+). The products
of BZLF1 (ZEBRA) (FIG. 8A); BRLF1 (R) (FIG. 8B);
BHRF1 (EA-R) (FIG. 8C); and BMRF1 (EA-D) (FIG. 8D)
were assayed by Western blotting of lysates from the cells
harvested 3 hrs and 20 hrs after stimulation with anti-IgG.

FIGS. 9A-9F represent flow cytometry analysis of
DMSO-released Akata cells stimulated with 50 pug/ml of
anti-IgG for 20 hrs in the presence of vesnarinone at
concentrations ranging from 0-100 upg/ml. The control
shows the results of samples without anti-IgG stimulation.
The 2C peak corresponding to the DNA content of the G1
population appears around channel numbers 75 to 100.

FIGS. 10A-10D show pmoles of ANTP extracted with
60% (v/v) ethanol from 10° logarithmically growing
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DMSOQ-arrested Akata cells, Akata cells assayed 13 hrs and
21 hrs after DMSO-release without vesnarinone without
anti-Ig(G stimulation (o), or with IgG stimulation (), and
Akata cells assayed 13 hrs and 21 hrs after DMSO-release
with 100 yg/ml vesnarinone without ( ¢ ) anti-IgG stimula-
tion or with anti-IgG stimulation (X), and quantitated by an
enzymatic method.

FIG. 11 shows the frequency of logarithmically growing
Akata cells demonstrating productive replication of EBV
when cultured in medium containing 20 pg/ml vesnarinone
for 7 days (pre-treatment), 24 hrs after stimulation with 50
pug/ml anti-IgG in the presence of (+) or absence () of 20
pug/ml vesnarinone, determined using in situ hybridization.
Also shown, are cells subsequently resuspended in fresh
medium with (post-treatment +) or without (post-trcatment
~) 20 pg/ml vesnarinone, and then stimulated with 50 pg/ml
of anti-IgG. The results are presented as percentages relative
to the value in vesnarinone-untreated cells.

FIGS. 12A-12C represent Western blots of lysates from
four different Burkitt’s lymphoma cell lines, i.e., Akata,
P3HR1, Jijoye, and Raji, cultured in the absence (—) or
presence {(+) of 20 pg/ml vesnarinone for 7 days. Two EBV
latent gene products, EBNA2 (FIG. 12A) and LMP1 (FIG.
12B), and one host gene product, bcl-2 (FIG. 12C), were
evaluated.

FIGS. 13A~13B show thymidine kinase assays of extracts
from DMSO-released Akata cell stimulated without (=) or
with (+) 50 pg/ml of anti-Ig(s antibody in the presence (+)
or absence (—) of 100 pg/ml vesnarinone for 13 hrs. Whole
thymidine kinase activity was measured in the absence of
dT'TP (FIG. 13A). For determining dTTP-resistant thymi-
dine kinase activity, 100 uM dTTP was added to the kinase
reaction mixture (FIG. 13B).

FIGS. 14A and 14B show inhibition of uptake of [°H]
thymidine, but not AZT, by vesnarinone in a dose-dependent
manner in CHO cells (FIG. 14A) and in primary human T
Iymphocytes (FIG. 14B).

FIG. 15A shows that vesnarinone delays the accumulation
of phosphorylated [*H]thymidine in cellular extracts of
PHA-activated and lymphocytes after removal of chromo-
somal debris; and FIG. 15B shows that vesnarinone
enhances the phosphorylation of AZT in PHA-activated
human T lymphocytes.

FIG. 16A shows that thymidine is effectively phosphory-
lated up to the triphosphate level in cells. FIG. 16B shows
that AZT is phosphorylated to AZT-MP, but poorly phos-
phorylated beyond this stage to the diphosphate form.

FI(G. 17 shows that vesnarinone, at a concentration of 75
uM (30 pg/ml), increased intraceliular AZT-MP, AZT-DP,
and AZT-MP by 100%, 45% and 25%, respectively.

F1GS. 18A and 18B show that both vesnarinone (FIG.
18A) and dypridamole (FIG. 18B) inhibit the uptake of
thymidine in a dose-dependent manner; and that dipy-
ridamole 1s a more potent inhibitor of nucleoside transport
than vesnarinone; the IC,, for thymidine uptake was <10
nM in dipyridamole, and —25 pM in vesnarinone,

FIG. 19A shows that vesnarinone increases the concen-
tration of phosphorylated AZT in U937 cells in a dose-
dependent manner FIG. 19B shows that 0-100 nM
dipyridamole, which inhibits thymidine transport to a simi-
lar extent as 0—250 pM vesnarinone, does not affect intra-
cellular concentrations of phosphorylated AZT.

FIG. 20A shows the production of HIV-1 p24 antigen by
AZT-sensitive HIV strain 18a-infected PBMC in the pres-
ence or absence of vesnarinone and/or AZT at various
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concentrations. FIG. 20B shows the production of HIV-1
p24 antigen by AZT-resistant HIV strain 18c-infected
PBMC in the presence or absence of vesnarinone and/or
AZT at various concentrations.

DETAILED DESCRIPTION OF THE
INVENTION

In general formula (1), the benzoyl group which may have
lower alkoxy groups and substituents on the phenyl ring,
includes benzoyl groups having 1 to 3 straight-chain or
branched C,_ alkoxy groups substituting the phenyl ring,
such as benzoyl, 2-methoxybenzoyl, 3-methoxybenzoyl,
4-methoxybenzoyl, 2-ethoxybenzoyl, 3-ethoxybenzoyl,
4-ethoxybenzoyl, 4-isobutoxybenzoyl, 4-hexloxybenzoyl,
3.4-dimethoxybenzoyl, 3,4-diethoxybenzoyl, 3.,4,5-
trimethoxybenzoyl, 2,5-dimethoxybenzoyl, and so

Of the active ingredient compound (1) according to the
invention, 3,4-dihydro-6-[4-(3,4-imethoxybenzoyl)-1-
piperazinyl]-2(1H)-quinoline, i.e., vesnarinone, is most
preferable.

The above carbostyrils will readily form a salt with a

conventional acid. As such acids, there may be mentioned
inorganic acids, such as sulfuric acid, nitric acid, hydrochlo-

“ric acid and hydrobromic acid; and organic acids, such as

acetic acid, p-toluenesulfonic acid, ethanesulfonic acid,
oxalic acid, maleic acid, fumaric acid, citric acid, succinic
acld and benzoic acid. These salts can also be used as the
active ingredient in the present invention, just as can the free
compound of general formula (1).

The compounds of general formula (1) and salts thereof,
can be generally formulated into the per se conventional
pharmaceutical preparations. Such preparations are prepared
using conventional fillers, extenders, binding agents, moist-
ening agents, disintegrating agents, surfactants, lubricants,

“and the like diluents or excipient. These pharmaceutical

preparations may have various dosage forms selected
according to the purposes of therapy, and typical examples
thereof are tablets, pills, powders, solutions, suspensions,
emulsions, granules, capsules, suppositories, injections
(solutions, suspensions, etc.), and ophthalmic solutions.

For the manufacture of tablets, a wide variety of carriers
so far well-known in this field can be used. Thus, use can be
made of, for example, vehicles or excipient, such as lactose,
sucrose, sodium chloride, glucose, urea, starch, calcium
carbonate, kaolin, crystalline cellulose and silicic acid; bind-
ing agents, such as water, ethanol, propanol, simple syrup,
glucose solution, starch solution, gelatin solution,
carboxymethylcellulose, shellac, methylcellulose, potas-
sium phosphate and polyvinylpyrrolidone; disintegrating
agents, such as dry starch, sodium alginate, powdered agar,
powdered laminaran, sodium hydrogen carbonate, calcium
carbonate, polyoxyethylene sorbitan fatty acid esters,
sodium lauryl sulfate, stearic acid monoglyceride, starch and

lactose; disintegration inhibitors, such as sucrose, stearin,
cacao butter and hydrogenated oils; absorption promoters,
such as quaternary ammonium bases and sodium lauryl
sulfate; wetting agents or humectants, such as glycerol and
starch; adsorbents, such as starch, lactose, kaolin, bentonite
and colloidal silica; and lubricants, such as refined talc,
stearic acid salts, powdered boric acid and polyethylene
glycol. When necessary, the tablets may further be provided
with a conventional coating to give, for example, sugar-
coated tablets, gelatin-coated tablets, enteric-coated tablets,
film-coated tablets, or double-coated or multilayer tablets.

For the manufacture of pills, a wide variety of carriers
well-known in the art can be used. Examples are vehicles or
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excipients, such as glucose, lactose, starch, cacao butter,
hardened vegetable oils, kaolin and talc; binding agents,
such as powdered gumarabic, powdered tragacanth gum,
gelatin and ethanol; and disintegrating agents, such as lami-
naran and agar.

For the manufacture of suppositories, a wide variety of
known carriers can be used. As examples, there may be
mentioned polyethylene glycol, cacao butter, higher
alcohols, higher alcohol esters, gelatin and semisynthetic
glycerides.

In preparing injections, the solutions or suspensions are
preferably sterilized and are preferably isotonic with blood
and, for preparing such dosage forms, all of the diluents in
conventional use in the field can be employed. Thus, for
example, water, ethyl alcohol, propylene glycol, ethoxylated
isostearyl alcohol, polyoxylated isostearyl alcohol and poly-
oxyethylene sorbitan fatty acid esters may be mentioned. In
this case, the pharmaceutical preparations may contain
sodium chloride, glucose or glycerol in an amount sufficient
to give isotonic solutions. It is possible to add conventional
solubilizing agents, buffers, soothing agents or local
anesthetics, etc.

Furthermore, when necessary, the pharmaceutical prepa-
rations may contain coloring matters, preservatives,
perfumes, flavoring agents, sweetening agents and the like,
as well as other drugs.

The proportion of the active ingredient compound in these
pharmaceutical preparations for use in the present invention
is not critical, and may suitably be selected over a wide
range. (enerally, however, the proportion is recommendably
selected within the range of about 1.0 to about 70% by
weight, preferably about 1.0 to about 30% by weight.

The route of administration of the pharmaceutical prepa-
rations of the present invention is not critical, either, but is
selected according to the dosage form, the patient’s age, sex
and other factors, and the severity of the disease to be
treated. Thus, for instance, when they are provided in the
form of tablets, pills, solutions, suspensions, emulsions,
granules or capsules, the preparations are administered
orally. Injectable solutions are administered intravenously,
either alone or in admixture with conventional fluids for
parental infusion containing glucose, amino acids and so on.
Where necessary, these solutions may also be administered
as is by the intramuscular, intradermal, subcutaneous or
intraperitoneal route. Suppositories are administered
rectally, cphthalmic solutions are drop lotions for the eyes.

While the dosage of the above pharmaceutical prepara-
tions is dependent on the method of administration, the
patient’s age, sex and other background factors, severity of
the disease and so on, it is generally recommended to
administer about 0.5 to 30 mg, as the active ingredient, viz.
compound (1), per kilogram body weight per day. The
amount of the active ingredient to be contained in each
dosage unit is about 10 to 1000 mg.

DOSAGE FORM EXAMPLE 1

3,4-dihydro-6-{4-3,4-dimethoxybenzoyl}-1- 150 g
piperazinyl]-2(1H)-quinoline

Avicel 40 ¢
(trademark, Asahi Chemical Industry, Co., Ltd.)

Com starch 30 ¢
Magnesium stearate 2 g
Hydroxypropylhnethylcellulese 10 g
Polyethylene glycol 6000 3 g
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-continued

Castor o1l

40 g
Methanol 40 g

The above active ingredient, Avicel. corn starch and
magnesium stearate are mixed and ground together, and the
resulting mixture is compression-molded with a dragee R10
mm punch. The tablets thus obtained are coated with a film
coating composition consisting of hydroxypropyl
methylcellulose, polyethylene glycol 6000, castor oil and
methanol to give film-coated tablets.

DOSAGE FORM EXAMPLE 2

3 4-dihydro-6-[4-(3,4-dimethoxybenzoyl)-1-
piperazmyl]-2(1 H)-quinoline

k.
Lh
o

L

Dry sodium laury}! sulfate
Dry magnesium stearate
Ethanol

Citric acid 1 g-
Lactose 33.5 ¢
Dicalcium phosphate 70 g
Pluronic F-68 30 g
Sodium lauryl sulfate 15 g
Polyvinylpyrrolidone 15 g
Polyethylene glycol (Carbowax 1500) 45 g
Polyethylene glycol (Carbowax 6000) 45 g
Cormn starch 30 g
3 g
3 g
S.

o

The above active ingredient, citric acid, lactose, dicalcium
phosphate, pluronic F-68 and sodium lauryl sulfate are
admixed.

After size selection using a No. 60 screen, the mixture is
granulated by the wet process using an alcoholic solution
containing polyvinylpyrrolidone, Carbowax 1500 and Car-
bowax 600{). When necessary, alcohol is added to make the
powder into a paste-like mass. Then, corn starch is added,
and the blending is continued until uniform granules are
formed. The mixture is then passed through a No. 10 screen,
placed in a tray and dried in an oven maintained at 100° C.
for 12 to 14 hrs. The dried granules are sieved through a No.
16 screen, then dry sodium lauryl sulfate and dry magnesium
stearate are added and, after blending, the mixture is com-
pressed to a desired size and shape using a tableting
machine.

The above cores are treated with a varnish and dusted with
talc for preventing absorption of moisture, and then pro-
vided with an undercoat layer. Varnish coating is repeated as
many times as sufficient for internal use. The fablets are
rendered completely round and smooth by application of a
further undercoat layer and a smooth coating. Color coating
1s conducted until a desired coloring is obtained. After
drying, the coated tablets are polished to give uniformly
polished tablets.

The DNA viruses whose replication can be inhibited in
the present invention include: herpes simplex virus type 1
and 2, human herpes virus type 6, herpes zoster virus, human
cytomegalovirus and EBV. EBYV is the preferred DNA virus
whose replication can be inhibited in the present invention.

Thus, the above carbostyrils are useful in the treatment of
disorders associated with chronic EBV infection, e.g.,
chronic fatigue syndrome and chronic infectious mono-
nucleosis; EBV-associated lymphoma., e.g., Burkitt’s
lymphoma, B cell lymphoma, T cell lymphoma, nasopha-
ryngeal carcinoma and Hodgkin’s disease; or EBV-induced
lymphoproliferative; or EBV-associated autoimmune
disease, e.g., Sj0gren syndrome.
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In addition, in the methods of inhibiting DNA virus
replication, and particularly treating EBVY infection, the
carbostyrils of the present invention can be used in combi-
nation with other known anti-DNA virus compounds,
particularly, other known commercially available anti-EBV
compounds, such as Acyclovir (9-[(2-hydroxyethoxy)
methyl|guanine) (Burroughs Wellcome); and Ganciclovir
sodium 9-(1,3-dihydroxy-2-propoxymethyl) guanine
(DHPG) (Syntex). In this manner, the dosage conventionally
used for the known anti-DNA virus compounds can be
reduced. The particular dosage of anti-DNA virus com-
pounds. |

The RNA viruses whose replication can be inhibited in the
present invention include: human immune deficiency virus
(HIV), adult T-cell leukemia virus, and human immune
deficiency virus type IL HIV is the preferred RNA virus
whose replication can be inhibited in the present invention.

Thus, the above carbostyrils are useful in the treatment of
disorders associated with HIV infection, e.g., Kaposi’'s
sarcoma, hemologic consequences, and auto-immunity.

In addition, in the methods of inhibiting virus replication,
and particularly treating HIV infection, the carbostyrils of
the present invention can be used in combination with other
known anti-RNA virus compounds, particularly, other
known commercially available anti-HIV compounds, such
as AZT (3'azido-3'-deoxythymidine) (Burroughs
Wellcome); ddC (2'3’-dideoxycytidine) (Hoffmann
LaRoche), ddI (2'3'-dideoxyinosine) (B.M.-Squibb), d4T
(2'3'-didehydro-2'3'-dideoxythymidine) (B.M.-Squibb), and
3TC (5'3'-dideoxythiacytidine) (Glaxo). In this manner, the
dosage conventionally used for the known anti-RNA virus
compotinds can be reduced.

The particular nucleoside analogues whose phosphoryla-
tion is enhanced when co-administered with the carbostrylis
of the present invention are not limiting. Examples of such
nucleoside analogues include the above-listed anti-DNA
virus compounds and anti-RNA virus compounds, particu-
larly AZT.

The following examples are provided for illustrative

purposes only, and are in no way intended to limit the scope
of the present invention.

EXAMPLE 1

A. Vesnarinone Blocks Nucleoside Incorporation
Immediately After Addition of the Drug

Vesnarinone has been reported to have a mild cytostatic
effect depending on the cell type tested (Nakai et al, Jpn J.
Cancer Res., Abstract, Proc. Jpn. Cancer Assoc., page 581
(1993)). Thus, in order to investigate the mechanism of
action of vesnarinone, nucleoside or nucleobase transport
into cells was measured as described by Aronow et al, J.

Biol. Chem., 260:16274-16278 (1985).

More specifically, human primary T cells were separated
from peripheral blood obtained by leukopheresis of healthy
donors. Mononuclear cell suspensions were prepared by
Ficoll-Hypaque gradient centrifugation, and T cells were
obtained by E-rosette enrichment as described by Kumagai
et al, J. Cell. Physiol., 137:329 (1988). The resulting T cells
were stimulated for 48 hrs with 10 pg/ml phytohemagglu-
tinin (PHA), in the absence of any drug (referred to as
“PHA”) and in the presence of HEPES buffer (referred to as
“vehicle™) as controls, or in the presence of 0-250 uM
vesnarinone, prepared as described below.

10 mg of vesnarinone was dissolved in 0.5 ml of 2.0N
HCL. The solution was added to 9.0 ml of RPMI 1640
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medium supplemented with 20 mM HEPES buffer (pH
7.55), and neutralized to pH 7.0 by addition of 2.0N NaQOH.
The resulting neutralized vesnarinone solution containing
1.0 mg/ml of vesnarinone was immediately filtered using a
0.45 ym Millipore filter, and added to the cell cultures (1
pg/ml=2.5 uM of vesnarinone).

Next, the cells were resuspended in RPMI 1640 medium
(GIBCO, Grand Island, N.Y.) supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS, HyClone, Logan,
Utah), 2.0 mM L-glutamine (GIBCO), 100 U/ml penicillin
and 100 pg/ml streptomycin (GIBCO), and containing 20
mM HEPES (pH 7.4), and incubated for 20 min at 37° C.

Then, 1.0 pCi of [°H]thymidine (6.7 Ci/mmole, ICN), was
added to 2.0x10° cells (100 pl), and the cells were pulse-
labeled for 6 hrs. Next, the mixture was immediately layered
on silicone oil/paraffin o1l (94:6) in microfuge tubes, and the
cells were separated from free [° H]substrate in the water
phase by spinning for 1 min at 14,000 rpm.

The water and oil phases were discarded, and the radio-

activity in the cell pellets was measured using liguid scin-
tillation counting. The results are shown in FIG. 1A.

As shown in FIG. 1A, vesnarinone inhibits ["H]thymidine
incorporation into DNA in a dose-dependent manner.

Next, 15 uM aphidicolin and 100 yM deferoxamine were
obtained, and utilized as described by Terada et al, J.
Immunol., 147:698-704 (1991). The results are shown in
FIG. 1B. |

As shown in FIG. 1B, addition of aphidicolin, which
inhibits DNA polymerase o/0, or deferoxamine, which
inhibits ribonucleobase reductase, also inhibited [°H]
thymidine incorporation.

Next, the effects of the above-described drugs on cell
proliferation were evaluated over a period of 120 hrs. More
specifically, the above experiment was repeated Using 250
pM vesnarinone, 15 nM aphidicolin or 100 pM
deferoxamine, and 10 pg/ml PHA. The results are shown in
FIG. 1C.

As shown in FIG. 1C, a high dose of vesnarinone (250
puM) inhibited cell proliferation when compared to control
cultures, but increases in cell number were nonetheless
observed. In contrast, as shown in FIG. 1C, no increases in
cell number were observed in the presence of aphidicolin or
deferoxamine. Again all three drugs inhibited [°H] thymidine
incorporation to a similar degree at the doses indicated in
FIG. 1B.

Next, cellular DNA content was evaluated over the 0-120
hrs treatment period. More specifically, 10° T cells treated in
the samme manner as described above, were fixed with 70%
(v/v) ethanol at 4° C. overnight, centrifuged and washed
with phosphate buffered saline (PBS). The fixed cells were
incubated with 0.5 ml of 0.25 mg/ml ribonuclease (Sigma,
St. Louis, Mo.) in PBS at 37° C. for 10 min. The cell
suspension was mixed with 0.5 ml of a 50 pg/ml propidium
iodide (Calbiochem, L.a Jolla, Calif.) solution in PBS, and
after 60 min analyzed by fiow cytometry (EPICS Profile,
Coulter, Hialeah, Fla.), collecting red fluorescence (>600

nm) with 488 nin excitation. The results are shown in FIGS.
2A-2F.

As shown in FIGS. 2A-2F, consistent with the increases
in cell number, monitoring of cellular DNA content revealed
that a certain proportion of the cells entered both S and
G2/M phases of the cell cycle in the presence of vesnarinone
within 48 hrs, but not in the presence of aphidicolin or
deferoxamine. ["H]thymidine incorporation was inhibited
by vesnarinone to a similar degree at all time points through-
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out the experiment (up to 120 hrs), and there was no
recovery of ["H]thymidine incorporation at later time points.
Thus, these results indicate that vesnarinone may inhibit
["H]thymidine incorporation by a mechanism other than
inhibition of DNA synthesis per se.

In order to further evaluate the interaction of vesnarinone
on [*H]thymidine and [*H]uridine incorporation, the effects
of brief exposure of proliferating cells to vesnarinone were
examined.

More specifically, 10° T cells were stimulated with 10
pg/ml PHA for 48 hrs in the presence of 250 uM vesnarinone
or 15 nM aphidicolin or 100 pM deferoxamine, and [°H]
thymidine or [°H]uridine (35.1 Ci/mmole, ICN) were added
for only 30 min, and cell pellets were obtained and evaluated
as described above. The results are shown in FIG. 3.

As shown in FIG. 3, vesnarinone and aphidicolin were
able to inhibit [°H]thymidine incorporation under these
conditions as well. In contrast, as shown in FIG. 3, defer-
oxamine only partially inhibited [°H]thymidine
incorporation, likely because increases in dNTP pools in
proliferating cells were sufficient to sustain DNA synthesis
for a period of time without further supply of dANTP.

~In addition, as shown in FIG. 3, vesnarinone rapidly
inhibited [*H]uridine incorporation as well. This was also in
confrast to the very small effect on cellular RNA content,
measured by flow cytometry following acridine orange
staining of cells. Aphidicolin or deferoxamine did not inhibit
[*H]uridine incorporation.

Next, the PHA-stimulated T cells were labelled for 30 min
with 5.0 uCi/ml of an ["H]amino acid mixture (1.0 mCi/ml,
Amersham, Arlington Heights, I1l.), washed twice with
ice-cold PBS, and then lysed in PBS containing 1.0% (w/v)
SDS, followed by addition of a mixture of 7.0% {(w/v)
trichloroacetic acid and 1.0% (w/v) pyrophosphate. The
precipitates were loaded on GF/A filters, and washed exten-
sively with a mixture of 7.0% (w/v) trichloroacetic acid and
1.0% (w/v) pyrophosphate. Radioactivity was measured by
scinfillation counting. The results are also shown in FIG. 3.

As shown in FIG. 3, vesnarinone did not inhibit [*H]
amino acid incorporation.

Thus, the profound and rapid inhibition of both [°H]
thymidine and [*H]uridine incorporation by vesnarinone is
not {ikely explained by a direct effect on DNA and RNA
synthesis. The discrepancy suggests that vesnarinone may
interfere with nucleoside incorporation into cells.

B. Vesnarinone Inhibits Nucleoside and Nucleobase
‘Transport

Nucleosides permeate the plasma membrane of cells, and
are utilized as a source for the Salvage pathway of nucleo-
base synthesis (Cory, In: Biochemistry with Clinical
Correlations, Chapter 13, pages 529-571 (1992); and
Rodwell, In: Biochemistry, Chapter 36, pages 363-377
(1993)). The transport of nucleosides into mammmalian cells
occurs by a facilitated diffusion mechanism which appears
to be mediated by a single or multiple carriers of variable
specificity (Aronow et al, J. Biol. Chem., 261:14467-14473
(1986)). This carmrier model is based on kinetic evidence
indicating competitive inhibition among nucleosides for
transport and on the results in mutant cells which are
genetically deficient in nucleoside transport capability
(Aronow et al, J. Biol. Chem., 261:14467-14473 (1986);
Cohen et al, J. Biol. Chem., 254:112-116 (1979); and
Ullman et al, Mol. Cell. Biol., 3:1187-1196 (1983)).

The study of nucleoside transport in mammalian cells has
been greatly enhanced by the existence of specific high
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affinity inhibitors of the nucleoside transporter in mamina-
Lian cells, including 4-nitrobenzyl-6-thioinosine (NBMPR),
dipyridamole and dilazep (Aronow et al, J. Biol. Chem.,
260:6226-6233 (1985); Scholtissek et al, Biochem. Biophys.
Acta, 158:435-447 (1968); Plagemann et al, J. Membr. Biol.,
81:255-262 (1984 ); Berlin et al, Int. Rev. Cytol., 42:287-336
(1975); and Fujita et al, Br. J. Pharmacol., 68:343-349
(1980)). The entry of nucleobases, another physiological
source for salvage nucleobase synthesis, is less well defined.

Nucleosides and nucleobases mutually interfere with the

translocation of each other in some animal cells, suggesting
a role for the nucleoside transporter in nucleobase transport

(Aronow et al, J. Biol. Chem., 261:2014-2019 (1986)). On
the other hand, the presence of independent nucleobase

transport is suggested through studies using mutant cell lines
(Aronow et al, J. Biol. Chem., 261:2014-2019 (1980)).
Thus, the possibility that vesnarinone inhibits nucleoside
transport was evaluated, by looking at rapid transport of
radiolabelled nucleosides and nucleobases into T cells.

More specifically, 10° T cells stimulated for 48 hrs with
10 pg/mil PHA were treated with 250 yM vesnarinone, 100
UM deferoxamine, 15 nM aphidicolin or 1.0 uM
dipyridamole, and pulse-labelled for 1 min with [*H]
thymidine, [*H]Jadenosine (23 Ci/mmole, Amersham), [°H]
adenine (26 Ci/mmole, Amersham) or [*HJuracil (53
Ci/mmole, Amersham), and cell pellets were obtained and
evaluated as described above. The results are shown in
FIG. 4. |

As shown in FIG. 4, vesnarinone inhibited transportation
of [3H]thymidine, [’H]adenosine, [°’H]adenine, and also to a
lesser extent, [°H]uracil. In contrast, deferoxamine or
aphidicolin had no effect on the transport of these nucleo-
sides or nucleobases, despite using the same concentration
of these drugs which inhibited [*H]thymidine incorporation
into DNA. In addition, dipyridamole, a specific high affinity
inhibitor of a nucleoside transporter (Scholtissek et al,
Biochem. Biophys. Acta, 158:435-447 (1968); and Plage-
mann et al, J. Membr. Biol., 81:255-262 (1984)), suppressed
nucleoside transport, but not nucleobase transport.

Next, dose-dependent responses to vesnarinone on
nucleoside and nucleobase transport were examined using
several different cell lines, i.e., human lymphoblastoid line,
Raji, which was obtained from the American Type Culture

Collection (ATCC No. CCL-80), and the Chinese hamster
ovary cell line, CHO, which was provided by Dr. G. L.
Johnson (Denver, Colo.).

More specifically, 2.0x10° Raji or CHO cells were treated
with 0-750 pM vesnarinone or 0—100 pM dipyridamole, and
pulse-labelled for 1 min with [°H]adenine or [°H]adenosine,
and the cell pellets obtained and evaluated as described
above. The results are shown in FIGS. SA-5D.

As shown in FIG. SA, in the presence of vesnarinone, Raji
cells had an increased ability to transport the purine
nucleobase, [°H]adenine in a dose-dependent manner, while,
as shown in FIG. 5C, CHO cells, in the presence of
vesnarinone, had a lesser ability to transport this nucleobase.
In contrast, as shown in FIGS. SA and 5C, in the presence
of vesnarinone both cells showed a similar ability to trans-
port the purine nucleoside, adenosine in a dose-dependent
manner. Such variability is not surprising since variability,
especially for nucleobase transport, has been reported pre-
viously (Aronow et al, Mol. Cell Biol., 6:2957-2962
(1986)).

It should be noted that the inhibitory effects on nucleoside
and nucleobase transport in vitro were observed within the

therapeutic range of vesnarinone in vivo (2—-80 pM) (shown
as a bar in FIGS. 5A and 5C).
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In contrast, as shown in FIGS. 5B and 5D, dipyridamole
inhibited adenosine transport in a selective fashion with no
effect on adenine transport in its therapeutic range (10-100
nM) (also shown as a bar in FIGS. 5B and SD). Only high
concentrations of dipyridamole (10-100 pM) inhibited
adenine transport, as described by Scholtissek et al, Bio-
chem. Biophys. Acta, 158:435-447 (1968); and Plagemann
et al, J. Membr. Biol.,, 81:255-262 (1984).

Transport of other nucleosides, including thymidine and
uridine, was affected by vesnarinone in a manner similar to
adenosine, while transport of uracil (a pyrimidine
nucleobase) was inhibited like adenine, but to a lesser
extent.

These data indicate that vesnarinone inhibits nucleoside
and nucleobase transport, but via a different mechanism

from that of dipyridamole. Furthermore, FIGS. 5A and 5C
illustrate that the degree of inhibition of nucleoside transport
by vesnarinone was similar to that of nucleoside incorpo-
ration demonstrated in FIG. 1A. These results indicate that
most of the inhibition of ["H]nucleoside incorporation by

vesnarinone is due to inhibition of nucleoside transport by
vesnarinone.

Nucleoside transport inhibitors, such as dipyridamole or
NBMPR, are known to rescue cell proliferation from: the
cytotoxic effects of 5-fluorouridine (5-FUd) or high dose
thymidine, by inhibiting transport of this cytotoxic nucleo-
side analog or thymidine (Aronow et al, Mol. Cell Biol,
6:2957-2962 (1986)). Thus, vesnarinone was tested to deter-
mine whether it has a similar effect using CHO cells.

More specifically, 1x10* CHO cells/ml were incubated
with 50 nM 5-FUd in the presence of 0-250 yM vesnarinone
or 1.0-10 pM dipyridamole, and cell numbers were counted
atter 120 hrs of incubation. The results are shown in FIGS.
6A—6B.

As shown in FIG. 6B, dipyridamole significantly reversed
the cytostatic effects of 5-FUd. Also as shown in FIG. 6A,
vesnarinone demonstrated a similar ability to rescue the cells
1n a dose-dependent manner. It was difficult to demonstrate
a similar effect when higher (2100 nM) or lower (=10 nM)
doses of 5-FUd were used, likely due to the anti-proliferative
effects of vesnarinone itself. These data provide additional
support that vesnarinone acts as an inhibitor of nucleoside
transport.

In this Example it was demonstrated that vesnarinone
inhibits nucleoside and nucleobase transport, while other
high affinity inhibitors of nucleoside transport, such as
dipyridamole, have a markedly reduced ability to inhibit
nucleobase transport. Although much higher concentrations
of vesnarinone are required, with vesnarinone, it is notable
that the inhibitory effects on nucleoside and nucleobase
transport in vitro were observed within the therapeutic range
of vesnarinone in vivo (2-80 pM), implying that these
effects in vitro may be related to some clinical effects of
vesharinone.

Inhibition of nucleoside and nucleobase uptake into cells
by vesnarinone could result in the inhibition of cell
proliferation, especially where nucleobase synthesis is more
dependent on the salvage pathway. Cell types, such as
polymorphonuclear leukocytes, certain brain cells, intestinal
mucosal cells or erythrocytes have little or no de novo
synthesis capability for nucleobases, whereas other cells
such as hepatocytes have an active de novo synthesis
system. Therefore, these in vitro observations may delineate
the cause of agranulocytosis, a major side effect of
vesnarinone observed in some patients (OPC-8212 Multi-
center Research Group, Cardiovasc. Drugs, Ther,
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4:419-425 (1990); Feldman et al, Am. J. Cardiol.,
68:1203-1210 (1991); Feldman et al, N. Engl. J. Med.,
329:149-155 (1993); and Packer, N. Engl. J. Med,
329:201-202 (1993)). |

The decrease in nucleoside and nucleobase transport by
vesnarinone may also play a role in the inhibitory effect on
HIV-1 replication (Meyerhans et al, J. Virol, 08:535-540
(1994); O’Brien et al, J. Virol, 68:1258-1263 (1994); and
Gao et al, Proc. Natl. Acad. Sci. USA, 90:8925-8928 (1993)
). Recently, triggering decreases or an imbalance in nucleo-
base pools has been reported to reduce the rate of reverse
transcription of HIV-1 in cells or to induce aborted viral
replication (Ullman et al, Mol. Cell. Biol., 3:1187-1196
(1983)); Aronow et al, J. Biol. Chem., 260:6226—6233
(1985); and Scholtissek et al, Biochem. Biophys. Acta,

158:435-447 (1968)).

Finally, inhibition of adenosine transport may provide the
link with another novel aspect in the action of vesnarinone.
Dipyridamole is proposed to cause a localized increase in
adenosine concentration through its inhibition of adenosine
transport into cells (Plagemann et al, Biochem. Biophys.
Acta, 947:405-443 (1988)). Adenosine is known to induce
an increas¢ in cAMP (Fox et al, Ann. Rev. Biochem.,
&47:655-0686 (1978)), dilation of coronary arteries (Fox et al,
Ann. Rev. Biochem., 47:655-686 (1978)), an increase in
cerebral blood flow (Heistad et al, Am. J. Physiol,
240:775~780 (1981)), a decrease in TNF-0. production
(Parmely et al, J. Immunol., 151:389-396 (1993)), and a
decrease in platelet aggregation (Dawicki et al, Biochem.
Pharmacol., 34:3965-3972 (1985)), through its binding to
specific adenosine receptors on cell surface membranes.
Vesnarinone might similarly increase blood concentrations
of adenosine by inhibiting adenosine transport, thus explain-
ing some of the therapeutic benefit of vesnarinone in heart
discase (Feldman et al, N. Engl. J. Med., 329:149-155
(1993); and Packer, N. Engl. J. Med., 329:201-202 (1993))
or in the reduction of TFN-¢ production (Maruyama et al,
Biochem. Biophys. Res. Comm., 195:1264-1271 (1993); and
Matsumori et al, Circul., §9:955-958 (1994)).

EXAMPLE 2

A. Effect of Vesnarinone on Expression of ZEBRA
and on Productive Replication of EBV

The human Burkitt’s Jymphoma cell line, Akata, provided

- by Dr. Kenzo Takada (Takada, Int. J. Cancer, 33:27-32

50

55

65

(1984); and Takada ct al, Virus Genes, 5:147-156 (1991)),
was cultured at 37° C. in RPMI 1640 medium supplemented
with 15% (v/v) heat-inactivated FCS, and 20 pg/ml gen-
tamicin.

The cell progression of Akata cells was arrested by
culturing of the cells for 96 hrs in the presence of 1.5% (v/v)
DMSO (Sigma, St. Louis, Mo.) (Sawai et al, Fxp. Cell Res.,
187:4-10 (1990); and Takase et al, Cell Growth Differ.,
3:515-521 (1992)). Then, the DMSO-arrested Akata cells
were washed twice with PBS, and transferred, at a density of
10%ml, to RPMI 1640 medium containing vesnarinone at
difterent concentrations ranging from 0—-100 pg/ml, prepared
as described below.

10 mg vesnarinone was dissolved in 0.5 ml of 2.0N HCI
and then diluted with 5.0 ml of H,O and 4.0 ml of RPMI
1640 medium. After neutralization with 2.0N NaOH (about
0.5 ml), the vesnarinone solution (1.0 mg/ml) was immedi-
ately filtered through a 0.45 ym Millipore filter, and diluted
to the desired concentration in culture medium.

I hr after transfer (release from DMSOQ), a goat F(ab"),
fragment of anti-human IgG antibody (Organon Teknika,
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Durham, N.C.) was added at a concentration of 50 pug/ml to
induce productive EBV replication (Takagi et al, Virology,
185:309-315 (1991)).

3 hrs and 20 hrs after treatment with the anti-IgG, the cells
were harvested for flow cytometric detection of the BamHI
Z replication activator (ZEBRA), and for in situ detection of
EBYV DNA., respectively.

For flow cytometric detection of ZEBRA, after a 60 min
fixation with 70% (v/v) ethanol at 4° C., 10° cells were
centrifuged, and washed with PBS. After a 5 min incubation
in 250 pl of PBS containing 0.5% (v/v) Tween-20, 2.0%
(w/v) BSA and 1.5% (w/v) human y-globulin (Sigma) at
room temperature, 10 pl of the hybridoma supernatant of
mouse monoclonal anti-EB1/ZEBRA (Z-1235, provided by
Dr. Evelyn Manet) (Mikaelian et al, J. Virol, 67:734-742
(1993)) was added, and the mixfure was incubated at 4° C.
for 120 min. The cells were then washed with PBS, and
further treated with 5.0 pl of a FITC-conjugated F(ab'),
fragment of affinity purified sheep anti-mouse IgG (F/P
molar ratio=3.2, Sigma) at 4° C. for 60 min. The cells were
washed with PBS again, and analyzed by flow cytometry
(Epics Profile, Coulter), monitoring fluorescence (520-540
nm) in a logarithmic scale with 488 nm excitation. The
positivity for ZEBRA was calculated by a non-linear least
squares method (Takase et al, J. Immunol. Methods,
118:129-138 (1989)).

For detection of EBY DNA in cells, an in situ hybridiza-
tion technique using the kit from ENZQO Diagnostics
(Syosset, N.Y.) was employed (Takagi et al, Virol,
185:309-315 (1991)). The hybridization procedure was per-
formed basically according to the instructions of the manu-
facturer.

More specifically, cells coated on a glass slide were fixed
in acetone at room temperature for 10 min. Target and probe
DNA (biotinylated probe of EBYV BamHI Z fragment) were
denatured at 94° C. for 4 min, and hybridized for 20 min at
37° C. For detection of the specifically hybridized DNA, the
slide was treated with an avidin-biotinylated horseradish
peroxidase complex, and developed by 3-amino-9-
ethylcarbazole and hydrogen peroxide. Positivity for EBV
DNA was determined by the presence of red-colored grains
and at least 1000 cells were examined under light micros-
copy. Cells in which productive EBV replication is ongoing
are plainly distinguished by the strong staining (Takagi et al,
Virol., 185:309-315 {1991)). It should be noted that both
positivity for EBYV DNA in in situ hybridization and multiple
linear forms of EBYV DNA demonstrated in Southern blot-
ting (BamHI digestion and NJhet DNA probed) (Raab-Traub
et al, Cell, 47:883-889 (1986)) are dramatically reduced by
acyclovir pretreatment in anti-IgG treated Akata cells. The
results are shown in FIG. 7.

As shown in FIG. 7, the population of EBV producing
cells, as measured by EBV DNA, gradually decreased in the
presence of vesnarinone in a dose-dependent manner. On the
other hand, the degree of positivity for ZEBRA was not
decreased by vesnarinone at concentrations less than or
equal to 10 pg/ml. A shift in the curve was observed at
concentrations greater than 30 pg/ml. Thus, susceptibilities
to vesnarinone of expression of an early gene of the pro-
ductive cycle, i.e., ZEBRA, and productive replication of
EBY genome could be distinguished.

B. Effects of Vesnarinone on Expression of Early
Antigens

DMSO-arrested Akata cells were washed, and transferred
to culture medium containing 30 pg/ml vesnarinone. 1 hr
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after release and transfer, the above-described anti-IgG
antibody was added at a concentration of 50 pg/ml. 3 hrs and
20 hrs after treatment with the anti-IgG, the cells were
harvested for the detection of EBV early antigens ZEBRA
(BZLF]1 product) by Western immunoblot.

More specifically, cells were washed with PBS, and then
lysed at 4° C. in a buffer comprising 25 mM Tris-HCI (pH
7.4), 50 mM NaCl, 0.5% (w/v) sodium deoxycholate, 2.0%
(v/v) Nonidet P-40, 0.2% (w/v) SDS, 1.0 mM phenyl-
methane sulfonyl fluoride (PMSF), 10 pg/ml aprotinin, 10
MM leupeptin, and 100 pM sodium orthovanadate. After
centrifugation, lysates were prepared for electrophoresis as
described by Laemmli, Nature, 227:680—-685 (1970). An
amount of lysate equivalent to 4.0x10° cells was used for
each immunoblot analysis.

After electrophoretic transfer of proteins to nitrocellulose
filters and blocking the filters with 20 mM Tris-HCl (pH
8.0), 125 mM Na(ll, 0.1% (v/v) Tween-20, 2.0% (w/v) BSA,
and 0.1% (w/v) sodium azide, the filters were incubated with
the appropriate primary antibody. For detection of ZEBRA
(EB1, BZLF1 gene product), the antibody used was mouse
monoclonal anti-EB1 (Z-125); for the detection of R
(BRLF1 product), the antibody used was the mouse mono-
clonal anti-R (R5A9, provided by Dr. Evelyn Manet); for the
detection of EA-R (BHRF1 product), monoclonal anti-EA-R
(5B11, provided by Dr. Elliott Kieff) (Pearson et al, Virol.,
160:151-161 (1987); and Henderson et al, Proc. Natl. Acad.
Sci. USA, 90:8479-8483 (1993)), and for the detection of
EA-D (BMRF1 product), the antibody used with the mouse
monoclonal anti-EA-D (NEA-9240, DuPont, Boston, Mass.
(Pearson et al, J. Virol., 47:193-201 (1983); and Kiehl et al,
Virel.,, 184:330-340 (1991))).

Specific reactive bands were detected using anti-mouse
secondary antibodies conjugated to alkaline phosphatase
(Promega, Madison, Wis.) or horseradish peroxidase
(Amersham) or ECL chemiluminescence (Amersham). That
is, for detection of ZEBRA and R, alkaline phosphatase was
used. For detection of EA-R and EA-D, horseradish peroxi-
dase and the ECL chemiluminescence method was used
(Amersham). Development was by the conventional
methods, employing the colorogenic substrates bromochlor-
oindolyl phosphate and nitroblue tetrazolium for alkaline

phosphatase. The expression of ZEBRA reached a platean
level 3 hrs after stimulation and productive replication of
EBV ceased 12 hrs after stimnlation in this system. The
results are shown in FIGS. 8A-8D.

As shown in FIG. BA, the expression of ZEBRA was
suppressed 3 hrs after stimulation with anti-IgG to a limited
extent in the presence of vesnarinone, comparable to the data
presented in FIG. 7. As shown in FIG. 8B, another imme-
diate early gene product, R was expressed virtually at the
same level 1n the presence or absence of vesnarinone, 3 hrs
and 20 hrs after stimulation. As shown in FIG. 8C, the bcl-2
homologous early gene product, EA-R was also expressed to
the same degree 3 hrs and 20 hrs after stimulation. In
contrast, as shown in FIG. 8D, expression of an EBY DNA
polymerase cofactor, EA-D, which is expressed at a later
time point than the other three early genes, was dramatically
suppressed in the presence of vesnarinone, 20 hrs after
stimulation.

C. Cellular DNA Content of Anti-IgG Treated
DMSO-Released Akata Cells in the Presence of

Yesnarinone

During the productive phase of EBV replication., a broad-
ening of the 2C peak of DNA has been noted. This phe-



5,670,520

17

nomenon presumably contributed to the denaturation or
disruption of chromosomal DNA as a part of the lytic
process. In some cases, the extent of the change in the 2C
peak correlated with the rate of EBV production. Thus, the
2C peak in anti-IgG treated DMSO-released Akata cells in

the presence of vesnarinone was evaluated.

More specifically, DMSO-released Akata cells stimulated
with 50 pg/ml of anti-IgG for 20 hrs in the presence of
vesnarinone at concentrations ranging from 0-100 pg/ml as
described above, were fixed overnight with 70% (v/v) etha-
nol at 4° C., and 10° cells were centrifuged, and washed with
PBS. Next, the fixed cells were incubated with (0.5 ml of 0.25
mg/ml ribonuclease (Sigma) in PBS at 37° C. for 20 min.
Then, the cell suspension was mixed with 0.5 ml of pro-
pidium iodide (Calbiodiem, La Jolla, Calif.) solution (50
‘Hg/ml in PBS), and after 60 min analyzed by flow cytometry
(EPICS Profile, Coulter, Hialeah, Fla.), monitoring fluores-
cence (>0600 nm) in a linear scale with 488 nm excitation
(Takase et al, Cell Growth Differ., 3:515-521 (1992)). The
standard deviation of the G1 peak of the. DNA histogram
was calculated by a non-linear least squares method (Takase
et al, J. Immunol. Methods, 118:129-138 (1989)). The
results are shown in FIGS. 9A-9F.

As shown in FIGS. 9A-9F, the distinctly broadened 2C
peak, compared to the sharp 2C peak observed in confrol
samples without anti-Ig(G treatment, were observed in
samples treated with anti-IgG in the presence or absence of
vesnarinone. These observations indicate that this charac-
teristic of the lytic process observed in anti-Ig(G treated
Akata cells was not prevented by vesnarinone, despite the
reduction in EBV DNA replication.

D. dANTP Pools in Cells Treated with Vesnarinone

The profiles of four dNTPs in Akata cells were measured
under several conditions, in logarithmically growing cells, in
DMSQO-amrested cells, in cells 13 hrs and 21 hrs after release
from DMSO in the absence of vesnarinone, and in cells 13
hrs and 21 hrs after release from DMSO in the presence of
100 pg/ml vesnarinone.

More specifically, 107 cells were washed with PBS, and
vigorously suspended in 300 pl of cold 60% (v/v) ethanol
(Tyrsted, Exp. Cell Res., 91:429-440 (1975)). After a 10 min
incubation on ice, the supernatant containing dNTPs was
removed, frozen and evaporated with a rotary evaporator.
The residue was dissolved in 100 pl of H,O, and a 10 pl

aliquot of this solution was used for the measurement of
dNTP pool. |

In order to quantitate the amount of each dNTP, an
enzymatic method using DNA polymerase I and calf thymus
DNA as a substrate was employed (Williams et al, J.
Biochem. Biophys. Methods, 1:153-162 (1979)).

More specifically, 10 pl of the sample or a dNTP standard
solution was mixed with 40 pl of the reaction buffer com-

prising 62.5 mMTris-HCI (pH 7.8), 0.625 mM DTT, 0.125
mg/ml calf thymus DNA (Sigma), 0.625 mg/ml BSA, 10
mM MgCL,, 6.25 uM three dNTPs, and 5.0 pCi/ml [°H]
dATP (ICN, Costa Mesa, Calif.), for measurement of dTTP,
dCTP, and dGTP, or ["H]JdTTP (ICN), for measurement of
dATP. The reaction solution was then mixed with 1.0 unit of
E. coli DNA polymerase 1 (Boehringer Mannheim), and
incubated for 40 min at 37° C. After completion of the
reaction, the mixture was applied to Whatman DE-81 paper
filters and radioactivity was determined using a liquid scin-
tillation counter after three washes with 0.35M Na.HPQO,
(pH 7.5). Amounts of dANTP in the samples were calculated
according to the calibration curves estimated by a set of
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standard ANTP samples. Vesnarinone at concentrations up to
100 pg/ml has no effect on the measurement of dANTP
contents in this in vitro DINA polymerase assay. The results
are shown in FIGS. 10A-10D.

As shown in FIGS. 10A-10D, the cellular content of all
dNTPs were uniformly reduced following treatment with

DMSO. Both dATP and dGTP displayed progressive reduc-
tions 13 hrs after release in the presence of vesnarinone

without anti-IgG stimulation, despite the fact that the cel-
lular contents were fairly well sustained at a relatively
higher level or increased in the absence of vesnarinone. The
cellular content of dT'TP was demonstrated to be the smallest
storage pool among the four dNTPs throughout all of the
conditions. The reduced level of dI'TP in DMSO-arrested
cells was nearly restored to those in growing cells by 21 hrs
after release. On the other hand, in cells released from
DMSO in the presence of vesnarinone, the levels of dTTP
remained quite low. The levels of dCTP remained low in the
presence or absence of vesnarinone in cells after release.

In parallel, to measurement of the content of ANTPs in the
untreated Akata cells after release, the dNTP pool in anti-
IgG treated Akata cells was also measured in the same
manner. The results are shown in FIGS. 10A-10D.

As shown in FIGS. 10A-10D, the level of dTTP at 12 hrs
after treatment with anti-IeG (equivalently 13 hrs after
release) was markedly elevated. This level of dTTP
remained high 20 hrs after treatment, and was partially
suppressed in the presence of vesnarinone. As for the three

other dNTPs, such an increase in content as observed in
dI'TP was not demonstrated. The effects of vesnarinone on

dNTP in anti-IgG stimulated cells was smaller than that in
unstimulated cells except for dTTP.

E. Effects of Vesnarinone on Productive Replication
of EBV in Growing Cells

AkKata cells were maintained in growth phase for 7 days in
culture medium with or without 20 pg/ml vesnarinone
(pre-treatment). The cells were spun down, and then trans-
ferred to fresh culture medium with or without 20 pg/mi
vesnarinone (post-treatment). 1 hr later, anti-IgG was added
to the cultures at a final concentration of 50 pg/ml, and the
cells were harvested for in situ hybridization of EBV DNA
24 hrs later as described above. The results are shown in
FI1G. 1.

As shown in FIG. 11, treatment of the cells with
vesnarinone for a longer period prior to (pre-treatment+post-
treatment) or just prior to (solely post-treatment) addition of
anti-Ig(G antibody reduced the level of positivity for EBV
DNA compared to unfreated cells. Cells treated with
vesnarinone only concurrently with anti-IgG treatment dis-
played a more profound reduction of EBV production. In
addition, in the face of pre-treatment alone, the degree of
positivity for EBV DNA was higher. Thus, cell synchro-

nously entering the lytic cycle may be more susceptible to
vesnarinone.

E. Effects of Vesnarinone on Expression of
Molecules Related to Latent phase of EBV
| Infection

The effects of vesnarinone on the expression of molecules
related to the latent phase of EBV infection using four
different EBV containing human B cell lines, were
examined, i.e., cells carrying two different subgroups of
EBV, type A and type B (Adldinger et al, Virol.,
141:221-234 (1985); Zimber et al, Virol, 196:900-904
(1993); and Gregory et al, Nature, 349:612-614 (1991)).
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The cell lines included Akata (type A, group I), Raji (type A,
group IH), P3HR] (type B, group I) (ATCC No. HT'B-62),
and Jijoye (type B, group III) (ATCC No. CCL-87). The
molecules examined were a latent nuclear protein, EBNAZ2,
a latent membrane protein, L MP1, and an anti-apoptotic host
component, bcl-2. Generally, group I cell lines exhibit

negligible amounts of EBNAZ, LMP1, and bcl-2, in contrast
to group IIT lines that possess distinctively large amounts of
these molecules. These differences between the two pheno-
types have been related to the sensitivity to induce apoptosis,
and the ability to induce the productive phase of EBV
infection (Henderson et al, Cell, 65:1107-1115 (1991); and
Gregory et al. Nature, 349:612-614 (1991)).

More specifically, the cells cultured in medium with or
without 20 pg/ml vesnarinone for 7 days were harvested for
Western blotting as described above. For detection of
EBNAZ, LMPI1, and bcl-2, the mouse monoclonal anti-
EBNAZ (PE2, Accurate, Westbury, N.Y.) (Young et al, N.
Engl. J. Med.,, 321:1080-1085 (1989)), the mouse mono-
clonal anti-LMP1 (512, provided by Dr. David A. Thorley-
Lawson) (Mann et al, J. Virol, 55:710-720 (1985)), and the
monoclonal anti-bel-2 (bel-2/124, Accurate) (Pezzella et al,
Am. J. Pathol, 137:225-232 (1990)), respectively, were
used. The ECL chemiluminescence method was nsed for the
detection of these proteins. Under these conditions, cell
growth in the presence of vesnarinone was reduced to
30—X% of the control cultures when cell numbers were
assessed. The results are shown in FIGS. 12A-12C.

As shown in FIGS. 12A-12C, vesnarinone did not induce
these molecules in the group 1 lines, nor did the vesnarinone
alter levels of expression of these molecules in the group III
lines. Thus, EBV-containing cells expressing different gene
products, or susceptibility to apoptosis may be differentially
sensitive to vesnarinone.

G. Effects of Vesnarinone on Thymidine Kinase
Activity in Anti-IgG Treated Akata Cells

It has been known that thymidine kinase plays an impor-
tant role in metabolic synthesis of dTTP (Sasayama et al,
Heart vessels, 2:23-28 (1986); and Feldman et al, Am. Heart
J., 116:771-777 (1988)), and an EBV early gene, BXLF1,
encodes a thymidine kinase which is distinguishable from
the cellular counterpart by a broad range of nucleoside or
nucieobase analogues as substrates, and a relatively stronger
resistance to dTTP.

Thus, thymidine kinase activity was measured in Akata
cells treated with 50 pg/ml of anti-IeG which were cultured
in the presence of vesnarinone at a concentration of 100
pg/ml, and harvested 12 hrs later, according to the method
of Turenne-Tessier et al, J. Virol., 57:1105-1112 (1986) with
several modifications.

More specifically, 107 cells were washed with PBS, and
immediately frozen with dry ice/ethanol. The pellet of
frozen cells was suspended in 100 ul of kinase extraction
buffer comprising 50 mM Tris (pH 8.0), 50 mM KCIl, 1.0
mM Mg(Cl,, 1.0 mM ATP, 1.0 mM DTT, 5.0% (v/v)
glycerol, 80 pg/ml aprotinin, 40 pM leupeptin and 1.0 mM
PMSEF, and incubated on ice for 30 min after a brief
sonication. The nuclei were removed by high speed cen-
tritfugation for 15 min and the supernatant (kinase extract)
was aliquoted and stored at —70° C. The protein concentra-
tion of the kinase extract (about 4.0 mg/ml) was determined
using standard Bradford Reagent (Bio-Rad Protein Assay
Kit, Bio-Rad Laboratories, Hercules, Calif.), with BSA as a
protein standard.

5.0 pl of the kinase extract was incubated at 37° C. with
35 pl of kinase reaction buffer comprising 150 mM phos-
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phate (pH 7.5), 20 mM ATP, 20 mM Mg(Cl,, 40 mM KCI, 1.0
mM DTT, 10 mM NaF and 20 yM [°H|thymidine (6.7
Ci/mmole, ICN) for 5 or 15 min. The reaction was termi-
nated by placing on ice, and an addition of 4.0 ul of 0.5M
EDTA (pH 8.0). For measurement of dT'TP-resistant thymi-
dine kinase activity, a kinase reaction buffer additionally
containing 100 yM dTTP (Pharmacia) was used.

The amount of phosphorylated [*H}thymidine derivatives
formed during the reaction was determined by applying the
reaction mixtures onto Whatman DE-81 paper filters, which
were then washed four times in 1.0 mM ammoniumformate
(pH 8.0), and once in ethanol before drying and liquid
scintillation counting. An addition of vesnarinone into this in
vitro assay system at concentrations up to 100 pg/ml, did not
display any inhibition of the thymidine kinase activity. The
results are shown in FIG. 13A.

As shown in FIG. 13A, a high activity of whole thymidine
kinase in growing cells was profoundly reduced in DMSO-
arrested cells, and restored to a small extent 13 hrs after
release. A further additional increase in thymidine kinase
activity was observed in cells treated with anti-IgG, and this
increase was partially inhibited in the presence of
vesnarinone.

Next, thymidine kinase assays were performed in the
same manner in the presence of 100 uM dTTP, which
preferentially suppresses the thymidine kinase of celiular
origin. The results are shown in FIG. 13B.

As shown in FIG. 13B, there were high levels of dTTP-
resistant thymidine kinase in anti-JgG treated cells. These
observations indicate that the increase in thymidine kinase
activity observed in anti-Ig(s treated cells is likely due to an
expression of the EBV thymidine kinase gene (BXILF1). In
addition, the increase in dTTP-resistant thymidine kinase
was also partially suppressed by vesnarinone treatment.

As shown in this Example, vesnarinone inhibits the pro-
ductive phase of EBV infection in a cell system that offers
a number of distinct advantages. That is, following anti-IgG
antibody treatment of Akata cells, there is a rapid induction
of the productive viral cycle. Moreover, introduction of
arrest of cell cycle progression followed by release, the
treatment with anti-IgG antibody induces a more efficient
and synchronous replication of EBV within 12 hrs, before
the cells enter S-phase. This rapid and synchronous entry
into the productive phase enables one to elucidate events in
a clearer fashion. Also, the events can be analyzed indepen-
dently of those associated with host cell proliferation.

In this system, vesnarinone markedly inhibited the pro-
ductive replication of EBV genome in a dose-dependent
manner. In contrast, little or no change was observed in the
expression of the early genes associated with exit from the
latent stage, including ZEBRA, R and EA-R. Further, the
broadened 2C peak of DNA detected by flow cytometry in
cells treated with anti-IgG antibody persisted in the presence
of vesnarinone. This configuration of DNA is evidence for
entry into the lytic cycle. These data, which characterize
stimulated entry into the lytic phase, appeared independently
of the effect of vesnarinone on productive replication of
EBV genome detected by in situ hybridization. Only EA-D
expression was markedly reduced by vesnarinone 20 hrs
after anti-IgG stimulation. EA-D is a co-factor of the EBV
DNA polymerase, and is generally expressed at a later time
point than the other three early genes. One possible expla-
nation for this dissociation of effects on early gene expres-
sion is that EA-D may be related to the EBV replication unit
(Kiehl et al, Virol., 184:330-340 (1991); and Daibata et al.,
Virol., 196:900-904 (1993)), and its expression may be
regulated in part by the status of EBV DNA replication itself.
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In the DMSO-rreleased Akata cells, dI'TP represented the
smallest deoxynucleobase pool, and was one of the major
targets of vesnarinone treatment. In addition, levels of dATP
and dGTP were also influenced to the same degree by

vesnarinone treatment. There have been several lines of
evidence linking depletion or alteration of deoxynucleobase
pools with reduction of DNA viral replication (Datta et al,

Proc. Natl, Acad. Sci. USA, 77:5163-5166 (1980)), and an

increase in the rate of mutation of reverse transcription of
retroviruses (Vartanian et al, Proc. Natl. Acad. Sci. USA,

91:3092-3096 (1994)).

Anti-viral agents such as acyclovir, act as a competitor to
dGTP in EBV DNA replication after modification to the

active acyclovir triphosphate (Datta et al, Proc. Natl. Acad.
Sci. USA, 77:5163-5166 (1980)). The alterations in dTTP,
dATP, and dGTP pool size by vesnarinone may reasonably

explain the suppression of EBV replication observed in this
system. Among four dNTPs, dTTP was the only dNTP
induced particularly by the anti-IgG treatment, and this
increase in dTTP level in the cells seemed to be attributed to
the expression of the EBV thymidine kinase which is
recognized as an early gene product. The substantial sup-
pression of the increase in dTTP level in anti-IgG treated
cells by treatment with 100 pg/ml vesnarinone was compa-
rable to the suppression of induction of thymidine kinase
activity observed under the same culture conditions. The

expression of this early gene (BXLF1) may be atlected by
the treatment of this drug at this concentration simitlarly to
the case of ZEBRA.

These studies indicate that vesnarinone should prove to
have therapeutic benefit in disorders where reactivation of
EBV is observed, and where productive replication of EBY
plays an important role.

EXAMPLE 3

A. Effect of Vesnarinone on Inhibition of CMYV
Replication

Vesnarinone was evaluated for anti-CMYV activity in vitro
in a CMYV plaque reduction assay.

More specifically, subconfluent monolayers of MRC,
cells (Biowhittaker, Walkersville, Md.) in 12-well tissue
cultiwe plates were exposed to a suspension of a 1:500
dilution of stock virus (CMYV strain AD169; ATCC No.
VR-338) in Eagles Minimal Essential Medium (MEM)
supplemented with 2.0% (v/v) fetal bovine serum, for 2 hr
at 37° C. to allow for virus absorption. The fluid containing
unabsorbed virus was then removed, and the cell layer rinsed
with Eagles MEM without serum. Vesnarinone was then
added to triplicate virus-infected cell cultures, in the con-
centrations shown in Table 1 below, in 1.0 ml of overlay
medium comprising Eagles MEM containing 2.0% (v/v)
fetal bovine serum and 0.25% (w/v) agarose. The plates
were then incubated at 37° (. in a humidified atmosphere
containing 95% ait/5% (O, until discrete foci of CPE
(plaques) were formed at day 7. Plaque reduction resulting
from the addition of vesnarinone was evaluated by compar-
ing the mean plaque count of vesnarinone-treated cultures
with the mean plaque count in the untreated virus-infected
control cultures. The result are shown in Table 1 below.
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TABLE 1
Vesnarinone (pg/ml) CMYV Plagque Reduction (%)
0 0
3.88 10.69
7.75 12.47
15.5 19.27
31 96.16

As shown in Table 1 above, vesnarinone inhibits CMV
plaque production in a dose-dependent manner. At the
concentration of 30 pg/ml, which is within the therapeutic
range, vesnarinone exhibited a very high level of efficacy
(91.5%) against CMYV plaque formation.

B. Effect of Vesnarinone on Cytotoxicity of MRC
Cells

The cytotoxicity of vesnarinone on MRCg cells was
determined by microscopic evaluation of the vesnarinone-
treated cells described in Section A. above. A small amount
of precipitate was observed at 31 pg/ml. No cytotoxicity was
observed.

The cytotoxicity of vesnarinone of MRC, cells was also
determined by evaluating reduction of 3-(4,5-dimethyl-
thiazol-2-yl)-3,5-diphenyltetrazolium bromide (MTT) to
MTT-formazan, by mitochondrial enzymes of viable cells
solubilized by SDS, when measured spectrophotometrically
as described by Moomann, J. Immunol. Methods, 65:55

(1983).

More specifically, 5.0 pg/ml of MTT in Eagles MEM
supplemented with 2.0% (v/v) fetal bovine serum was added
to each well, and incubated at 37° C. for 6 hr. The cells were
then solubilized by adding 30% (w/v) SDS in 0.02N HCL
The cultures were incubated overnight at 37° C. Then, the
optical density was measured at 3570 nm on a spectropho-
tometer. The cytotoxicity control was mock-infected cells
exposed to medium only and overlaid with vesnarinone in
the concentrations shown in Table 2 below, which had been
diluted in Eagles MEM containing 2.0% (v/v) fetal bovine
serum. The absorbance {(O.D. at 570 nm) of each
vesnarinone-treated well was compared to the mean OD of

the cell control wells. The cell viability, which is expressed
as a percent of the control, is shown in Table 2 below.

TABLE 2
Vesnarinone MTT Cell Viability
(ug/ml) (% of control)
3.38 100
7.5 o8
15.5 98
31 90

As shown in Table 2 above, little or no cytotoxicity was
observed using MTT to determine cell viability.

C. Eftect of Vesnarinone and DHP(G on Inhibition
of CMYV Replication

Vesnarinone and DHPG were evaluated for anti-CMYVY
activity in vitro.

More specifically, vesnarinone, at the concentrations
shown in Table 3 below, was evaluated alone and in com-

bination with DHPG, at the concentrations shown in Table
3 below, in the CMV plaque reduction assay described
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above. The percent inhibition of each compound and com-
binations thereof are shown in Table 3 below.

TABLE 3
Vesnarinone DHPG (M)
(ug/ml) 0 0.625 1.250 2.500 5.000
CMYV Plagque Reduction (%)
31.00 96.16 09,11 100 100 100

15.50 19.27 55.64 59.04 65.59 80.19
7.75 12.47 30.38 58.60 71.61 86.40
3.88 10.69 8.03 19.71 46.03 5771

0 0 0 7.88 20.75 45.14

As shown in Table 3 above, vesnarinone reduced CMV
plaque production by 96.16% at the 31 ug/ml concentration.
The other concentrations of vesnarinone were only margin-
ally active (19.27-10.69% reduction). DHPG at 5.0 uM, 2.5
MM and 1.25 uM showed 45.14, 20.75 and 7.88% reduction
of CMV plaques. The compound combinations showed
various degrees of % CMYV plaque reduction.

The minimum compound concentration that reduces
plaque production by 50% (MIC,,) was calculated from
single compound assays by using a regression analysis
program for semilog curve fitting. The MIC,, for
vesnarinone was 24 pg/ml, and for DHPG it was >5.0 uM.

The above data was then analyzed using the technique
described by Prichard et al, An#iviral Res., 14:181-206
(1990), which involves a determination of the difference
between the observed combined effects and those expected
if the interactions of the two compounds were simply
additive. The individual effects of the compounds were used
to calculate the additive effects, and these were subtracted
from the observed combined eftects. The following formula
of additivity, which is appropriate for inhibitors affecting
different sites, was used.

Z=X+Y (1-X)

where Z is total inhibition (activity); X is the activity
observed with a specified concentration of compound X; and
Y (1--X) 1s the activity of compound Y when only part of the
activity remains to be inhibited (Prichard et al, supra).
After additive effects were subtracted from observed
combined effects, positive values or activity beyond the
additive effects were suggestive of synergy. Negative values
or activity below the additive effects were suggestive of
antagonism. The results are shown in Table 4 below.

TABLE 4
Vesnarinone DHPC (UM}
(ug/ml) 0 0.625 1.250 2.500 5.000
CMYV Plague Reduction (%)

31.00 0 0 3.54 3.04 2.11
15.50 0 13.83 15.27 21.65 8.20
7.75 0 13.89 22.23 3568  22.70
3.88 ¥ 0 0 0 0.59

0 0 0 0 0 0

As shown in Table 4 above, at the 95% confidence level,
there was significant synergy. The synergy peak was seen at
a combination of 2.5 pM of DHPG and 7.75 pg/ml of
vesnarinone. In general, there was a band of synergy involv-
ing the 15.5 pg/ml and 7.75 pg/ml of vesnarinone. when
combined with all doses of DHPG.
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Thus, vesnarinone had anti-CMV activity, and such
enhanced the anti-viral activity of DHPG. Based on the
Prichard et al, supra, technique for evaluating compound
combinations, it is believed that the major interaction of
vesnarinone and DHPG is synergistic.

D.'Eﬂ’ect of Vesnarinone and DHPG on
Cytotoxicity of MRC, Cells

Cytotoxicity was determined by microscopic examination
of the compound-treated mock-infected cell controls, and
also by evaluating the reduction of MTT, by mitochondrial
enzymes of viable cells, to MTT-formazan, as described

above. A small amount of precipitate was observed at 31
png/ml of vesnarinone, and all drug combination (DHPG)

doses using 31 pg/ml of vesnarinone. The results are shown
in Table 5 below.

TABLE 5

Vesnartnone DHPG (uM)

(ug/ml) 0 0.625 1.250 2500  5.000

MTT Cell Viability (% of control)

31.00 90 87 84 85 Q0
15.50 98 99 25 96 98
[NE 98 100 100 100 100
3.88 100 100 100 100 100
0 0 100 100 100 100

As shown in Table 5 above, little or no cytotoxicity was
observed with MTT to determine cell viability, nor was such

observed microscopically.
EXAMPLE 4

A. Effect of Vesnarinone on Thymidine and AZT
Uptake

AZT is more lipophilic than the physiological nucleo-
sides. Thus, AZT is expected to bypass the nucleoside
transporter, and enter cells by passive diffusion.
Dipyridamole, a specific inhibitor of nucleoside transport, 1s
known to inhibit transport of physiological nucleosides, but
not AZT. Thus, the eifect of the nucleoside transport
inhibitor, vesnarinone on the uptake of ["H]AZT was exam-
ined using the rapid uptake method described by Aronow et
al, J. Biol. Chem., 200:16274-16278 (1985).

More specifically, 2.0x10° CHO cells or PHA-activated
human T cells were resuspended in 100 pl of RPMI 1640
medium, supplemented with 10.0% (v/v) heat-inactivated
fetal bovine serum and 2.0 mM L-glutamine, 100 U/ml of
penicillin and 100 pg/ml of streptomycin, and pre-incubated
for 20 min at 37° C. in the presence of 0-250 pM
vesnarinone.

Human PBMC were obtained by leukopheresis of HIV-1
and HBV Zeronegative healthy donors. Mononuclear cell
suspensions were prepared therefrom by Ficoll-Hypaque
gradient centrifugation, and the T cells were obtained there-
from by E-rosette enrichment as described by Terada et al,
J. Immunol., 147:698-704 (1991).

Vesnarinone was prepared as a stock solution containing
10 mg of vesnarinone dissolved in 0.5 ml of 2.0N HCI,
which was then added to 9.0 ml of RPMI 1640 medium
supplemented with 20 mM HEPES buffer (pH 7.55), and
neutralized to pH 7.0 by addition of 2.0N NaOH. The
resulting neutralized vesnarinone solution (1.0 mg/ml) was
immediately filtered using a 0.45 ym Millipore filter, and
added to the cell cultures in the amounts shown in FIGS.
14A and 14B.
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Then, 1.0 pCi/ml of [PH]thymidine (6.7 Ci/mmol) or 1.0
uCi/ml of [P"HJAZT (14 Ci/mmol) was added, and the
mixture was immediately layered on silicone oil/paraffin oil
(96:0) in microfuge tubes. After 1 min, the cells were
separated from free nucleoside or nucleobase in the water
phase, by centrifugation at 14,000 rpm (10,000xg) for 2 min.
The water and oil phases were discarded, and radioactivity
of the cell pellets was measured using liquid scintillation
counting. ["H]substrate uptake was evaluated as a percent-
age of the control, i.e., cells treated with the solution used in
preparing the stock vesnarinone alone. The results are shown
in FIGS. 14A and 14B. As shown in FIGS. 14A and 14B,
vesnarinone inhibits the uptake of [*H]thymidine in a dose-
dependent manner in CHO cells (FIG. 14A), and in primary
human T Iymphocytes (FIG. 14B), as previously reported
(Kumakura et al, Life Sciences, 57:P1.57-82 (1995)). In
contrast, the uptake of FH]AZT was not affected by
vesnarinone. Similar results were obtained using the human
monoblastic cell line, U937 (ATCC No. CRL-1593), and
Raji cells. Thus, like dipyridamole, vesnarinone is a specific
inhibitor of thymidine uptake, and not of AZT uptake.

B. Phosphorylation of AZT in the Presence of
Vesnarinone

Differential inhibition by vesnarinone of thymidine and
AZT entry in the cell would be expected to suppress any
antagonistic influence of thymidine on the intracellular
phosphorylation of AZT. This would provide a therapeutic
potential for the combination therapy of vesnarinone with
AZT to potentiate the activity of the latier in cells. The
activity of AZT in inhibiting viral replication of retroviruses
such as HIV-1, is based on achieving increased concentra-

tions of phosphorylated AZT in the cells (Weinstein et al, -

Ann. NY Acad. Sci., 616:367-384 (1991)). Thus, to deter-
mine if inhibition of thymidine uptake by vesnarinone has
any influence on intracellular phosphorylation of AZT, the
effect of vesnarinone on intracellular accumulation of phos-
phorylated forms of [PH]AZT was evaluated.

More specifically, 1.0x10” PHA-activated human T lym-
phocytes were suspended in 1.0 ml of RPMI 1640 medium
supplemented with 10.0% (v/v) heat-inactivated fetal bovine
serum and 2.0 mM L-glutamine, 100 U/ml of penicillin and
100 pg/ml of streptomycin, in the presence of 0, 75 or 250
pM vesnarinone. 10 pCi/ml of [*H]thymidine (6.7
Ci/mmole) or 10 puCi/ml of [PHJAZT (14 Ci/mmole) were
added, and the mixture was incubated at 37° for 0, 30, 60 and
120 min. The cells were then harvested, washed with PBS,
and lysed in 400 1 of 65% (v/v) ethanol for 20 min at 0° C.
The supernatant was separated by centrifugation at 14,000
rpm (10,000xg) for 5 min, and applied to DEAE filter paper
(Whatman DE-81). The filter paper was washed four times
with 1.0 mM ammonium formate for 10 min each, and the
radioactivity was measured using liquid scintillation. The
results are shown in FIGS. 15A and 15B. As shown in FIG.
15B, vesnarinone augmented the accumulation of phospho-
rylated AZT in PHA-activated human T lymphocytes. In
contrast, as shown in FIG. 15A, vesnarinone delayed the
accumulation of phosphorylated ["H]thymidine in cellular
extracts after removal of chromosomal debris. Similar
results were obtained when using U937 cells, in place of the
PHA-~activated human T lymphocytes.

C. Phosphorylated Forms of AZT

AZT-TP (AZT-triphosphate) is an effective form mis-
utilized by viral reverse transcriptase (Weinstein et al,
supra). Thus, the effect of vesnarinone on intracelular
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concentrations of AZT-MP, AZT-DP, and AZT-TP in U937
cells was next examined.

More specifically, 1.0x10’/ml U937 cells in 1.0 ml of
RPMI 1640 medium, supplemented with 10.0% (v/v) heat-
inactivated fetal bovine serum and 2.0 mM L-glutamine, 100
U/ml of penicillin and 100 pg/ml of streptomycin, were
incubated at 37° C. with 5.0 uCi/ml of [>H]thymidine (6.7
Ci/mmol) or 5.0 uCi/ml of ["H]AZT (14 Ci/mmol) for 2 hr.
The cells were then harvested, washed with PBS, and lysed
in 400 pul of 65% (v/v) ethanol for 20 min at 0° C. The
supernatant was separated by centrifugation at 14,000 rpm
(10,000xg) for 5 min, and subjected to HPLC using an anion
exchange column (SAX, Phenomenex). The concentration
of KH,PO, (pH 4.1) in the column was linearly increased
from 15 mM to 1.0M in 55 min at a flow rate of 1.0 ml/min.
1.0 ml fractions were collected, and the radioactivity was
measured by liquid scintillation. The retention time for AZT
and AZT-MP was confirmed using cold AZT and AZT-MP
(Sigma) under the same conditions. The results are shown in
FIGS. 16A and 16B. As shown in FIG. 16A., thymidine was
effectively phosphorylated up to the triphosphate level in
cells. In contrast, as shown in FIG. 16B, AZT was phos-
phorylated to AZT-MP, but poorly phosphorylated beyond
this stage to the diphosphate form. This indicated that AZT
is a good substrate for thymidine kinase, but not for
thymidylate kinase in cells.

D. Concentration of Phosphorylated Forms of AZT

Next, the effect of vesnarinone on intrace]lulér concen-
trations of AZT-MP, AZT-DP and AZT-TP was examined.

More specifically, 1.0x107/ml U937 cells in 1.0 ml of
RPMI 1640 medium, supplemented with 10.0% (v/v) heat-
inactivated fetal bovine serum and 2.0 mM L-glutamine, 100
U/ml of penicillin and 100 pg/ml of streptomycin, were
incubated with 5.0 pCi/ml of [PH]JAZT (14 Ci/mmol) for 2
hr at 37° C. in the presence of 0, 12.5, 25 or 75 pM
vesnarinone. Intracellular concentrations of [PHJAZT-MP,
[PHIAZT-DP, and ["H]AZT-TP were measured using HPLC
as described above. The results, which are represented by a
ratio of sample [PH]JAZT-NP (cpm)/control [PHIAZT-NP
(cpm), are shown in FIG. 17. As shown in FIG. 17,
vesnarinone, at a concentration of 75 uM (30 pg/ml),
increased intracellular levels of AZT-MP, AZT-DP, and
AZT-MP by 100%, 45% and 25%, respectively. These
results indicate that vesnarinone increases the intracellular
effective form of AZT when the two compounds are added
together.

E. Phosphorylatién of Thymidine Vesnarinone vs.
Dipyridamole

Dipyridamole is a powerful inhibitor of nucleoside
transport, and 1s also expected to enhance the biological
activities of AZT in retroviral infection (Weinstein et al,

supra). Thus, the comparative abilities of vesnarinone and
dipyridamole to potentiate phosphorylation of thymidine
were examined. |
More specifically, the uptake of [PH]thymidine in U937
cells, within 1 min in the presence of 0—250 yM vesnarinone
or ~1000 nM dipyridamole was measured as described
above. Dipyridamole was prepared as a 50 mM stock
solution dissolved in ethanol. The results are shown in FIGS.
18A and 1I8B. As shown in FIGS. 18A and 18B. both
vesnarinone (FIG. 18A) and dypridamole (FIG. 18B) inhib-
ited the uptake of thymidine in a dose-dependent manner.
FIGS. 18A and 18B also demonstrate that dipyridamole is a
more potent inhibitor of nucleoside transport than
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vesnarinone; the IC,, for thymidine uptake was <10 nM in
dipyridamole, and —25 uM in vesnarinone.

F. Phosphorylation of AZT Vesnarinone vs.
Dipyridamole

As discussed above, neither 0250 uM vesnarinone nor
0—1000 nM dipyridamole have an effect on thymidine
uptake, indicating that both of them are selective inhibitors
of physiological thymidine uptake. Thus, the effects of these
compounds on intracellular phosphorylated AZT was then
examined.

More specifically, 1.0x107/ml U937 cells in 1.0 ml RPMI
1640 medium, supplemented with 10.0% (v/v) heat-
inactivated fetal bovine serum and 2.0 mM L-glutamine, 100
U/ml of penicillin and 100 pg/ml of streptomycin, were
incubated with 5.0 uCi/ml of [PHJAZT (14 Ci/mmol) at 37°
C. for 2 hr in the presence of 0-250-uM vesnarinone or
0-100 nM dipyridamole. The cells were then harvested,
washed with PBS. and lysed in 400 pl of 65% (v/v) ethanol
for 20 min at 0° C. The supernatant was separated by
centrifugation at 14,000 rpm (10,000xg) for 5 min, and
applied to DEAE filter paper (Whatman DE-81). The filter
paper was washed four times with 1.0 mM ammonium
formate for 10 min each, and the radioactivity was measured
using liquid scintillation. The results are shown in FIGS.
19A and 19B. As shown in FIG. 19A, vesnarinone increased
the concentration of phosphorylated AZT in U937 cells in a
dose-dependent manner. However, as shown in FIG. 19B,
surprisingly 0—100 nM dipyridamole, which inhibits thymi-
dine transport to a similar extent as 0-250 uM vesnarinone,
did not affect infracellular concentrations of phosphorylated
AZT. This is consistent with the findings previously reported
for AZT (Weinstein et al, supra). Although the mechanism(s)
underlying this differential effect remains unclear at present,
it 1s important to note the differences between these two
compounds as nucleoside/nucleobase transport inhibitors
(Kumakura ¢t al, supra). Vesnarinone inhibits both nucleo-
side and nucleobase transport in a similar manner, whereas
dipyridamole selectively inhibits nucleoside transport with-
out affecting nucleobase transport at clinically achievable
doses (<10 pM) (Kumakura et al, supra). In fact, high
concentrations of dipyridamole increase phosphorylation of
AZT as well as vesnarinone, These results suggest that the
mechanism resulting in differential inhibition of nucleoside/
nucleobase transport might be correlated with the differen-
tial phosphorylation of AZT. Alternatively, dipyridamole or
vesnarinone may have another activity, decreasing or
increasing phosphorylation of AZT in cells, independently
of nucleoside transport inhibition. |

(3. Enhanced Anti-HIV-1 Effect

Although the mechanism to render the above-discussed
differential effect of vesnarinone remains undetermined to
date, the data suggest that vesnarinone may be more effec-
tive i enhancing the anti-viral activity of AZT than dipy-
ridamole by increasing intracellular concentrations of AZT-
TP. Thus, potentiation of the anti-HIV-1 effect of AZT by
vesnarinone was investigated by evaluating responses of two
independent strains of HIV-1 isolated from clinical samples,
one of them AZI-sensitive (18a), the other AZT-resistant
(18c).

More specifically, PBMC were incubated for 48 hr with
3.0 pyg/ml of PHA and 10 U/ml of II.-2. Then, 10-100
TCID,, virus/ml of clinical isolate strains of HIV-1, 18a
(AZT-sensitive) or 18¢ (AZT-resistant), were added. 2 hr
atter infection, the cells were separated from the virus by
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centrifugation, washed twice with culture medium, and
incubated in 96-well culture plates in the presence or
absence of vesnarinone and/or AZT in the concentrations
shown in FIGS. 20A and 20B. After 5 days of infection, the
supernatant was collected and HIV-1 p24 antigen was mea-
sured using the p24 ELISA kit (NEN Dupont).

The combination index (CI) was calculated using multiple
drug effect analysis of Chou and Tala, as described by
Johnson et al, J. Infect. Dis., 159:837-844 (1989). CI values
of <1, =1, and >1, indicate synergism, additive effects, and
antagonism, respectively. The results are shown in FIG. 20A
(strain 18a:AZT-sensitive) and FIG. 20B (strain 18c:AZT-
resistant). As shown in FIG. 20A, AZT alone inhibited p24
production in 18a infected cells (IC,, =0.67 nM). In
contrast, as shown in FIG. 20B, AZT alone did not inhibit
p24 production in 18c infected cells (IC,,>040 nM).
Vesnarinone by itself also had an inhibitory effect on p24
production, but only at the high concentrations (>50~100
pg/ml). As demonstrated in FIG. 20A and 20B, vesnarinone,
at concentrations achievable in the serum, potentiated the
reduction of p24 by AZT on both 18a and 18c infected cells.
The combination indices in this and other experiments were
between (0.005 and (.13 for 18a and 0.06 and 0.59 for 18c.
These results indicate that vesnarinone potentiates the anti-
HIV-1 activity of AZT in these cells.

In summary, Example 4 demonstrates that (1) vesnarinone
inhibits transport of thymidine but not of AZT, (2)
vesnarinone enhances phosphorylation of AZT in cells; and
that (3) vesnarinone potentiates anti-HIV-1 activity of AZT
in vitro. These results indicate that the combination of
vesnarinone and AZT should be useful for patients infected
with HIV.

While the invention has been described in detail, and with
reference to specific embodiments thereof, it will be appar-
ent to one of ordinary skill in the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof.

What is claimed:

1. A method for inhibiting DNA virus replication, com-
prising exposing cells which have been infected with said
DNA vims to a pharmaceutically effective amount of a
carbostyril derivative represented by the following general
formula (1), or a pharmaceutically acceptable salt thereof:

(1)

wherein R is a benzoyl group which may optionally have
lower alkoxy groups on the phenyl ring as substituents and
the carbon-carbon bond in the 3 and 4 positions of the
carbostyril skeleton is a single bond or double bond.

2. The method of claim 1, wherein said carbostyril is
3,4-dihydro-6-[4-(3,4-dimethoxybenzoyl)-1-piperazinyl]}-2
(1H)-quinoline or a pharmaceutically acceptable salt
thereotf.

3. The method of claim 1, wherein said DNA virus is
selected from the group consisting of herpes simplex virus
type 1, herpes simplex virus type 2, human herpes virus type
0, herpes zoster virus, human cytomegalovirus and Epstein-
Barr virus.

4. The method of claim 3, wherein said DNA virus is
Epstein-Barr virus.
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5. The method of claim 3, wherein said DNA virus is
cytomegalovirus.

6. A method for freating Epstein-Barr virus infection,
comprising administering to a subject in need of such

treatment, a pharmaceutically effective amount of a car-
bostyril derivative represented by the following general
formula (1), or a pharmaceutically acceptable salt thereof:

(1)

wherein R is a benzoyl group which may optionally have
lower alkoxy groups on the phenyl ring as substituents and
the carbon—carbon bond in the 3 and 4 positions of the
carbostyril skeleton is a single bond or double bond.

7. The method of claim 6, wherein said carbostyril is
3,4-dihydro-6-[4-(3,4-dimethoxybenzoyl)-1-piperazinyl]-2
(1H)-quinoline or a pharmaceutically acceptable salt
thereof,

8. The method of claim 6, wherein said carbostryril is
co-administered with an anti-DNA virus compound sclected
from the group consisting of 9-[(2-hydroxyethoxy)methyl
guanine and 9-(1,3-hydroxy-2-propoxymethyl) guanine.

9. A method for treating cytomegalovirus infection, com-
prising administering to a subject in need of such treatment,
a pharmaceutically effective amount of a carbostyril deriva-
tive represented by the following general formula (1), or a
pharmaceutically acceptable salt thereof:

(1)

wherein R 1s a benzoyl group which may optionally have
lower alkoxy groups on the phenyl ring as substituents and
the carbon-carbon bond in the 3 and 4 positions of the
carbostyril skeleton is a single bond or double bond.

10. The method of claim 9, wherein said carbostyril is
3,4-dihydro-6-[4-(3,4-dimethoxybenzoyl)-1-piperazinyl]-2
(1H)-quinoline or a pharmaceutically acceptable salt
thereof.

11. The method of claim 9, wherein said carbostryril is
co-administered with 9-(1,3-dihydroxy-2-propoxymethyl)
guanine.

12. A method for inhibiting RNA virus replication, com-
prising exposing cclls which have been infected with said
RNA virus to a pharmaceutically effective amount of an
anti-RINA viras compound and a pharmaceutically effective
amount of a carbostyril derivative represented by the fol-

lowing general formula (1), or a pharmaceutically accept-
able salt thereof:
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(1)

wherein R is a benzoyl group which may optionally have
lower alkoxy groups on the phenyl ring as substituents and

the carbon-carbon bond in the 3 and 4 positions of the
carbostyril skeleton is a single bond or double bond.

13. The method of claim 12, wherein said carbostyril 1s
3,4-dihydro-6-[4-(3,4-dimethoxybenzoyl)-1-piperazinyl]-2
(1H)-quinoline or a pharmaceutically acceptable salt
thereof.

14. The method of claim 12, wherein said anti-RNA virus
compound is selected from the group consisting of 3'-azido-
3'-deoxythymidine, 2'3'-dideoxycytidine, 2'3'-
dideoxyinosine, 2'3'-didehydro-2'3'-dideoxythymidine and
5'3'-dideoxythiacytidine. |

15. The method of claim 12, wherein said RNA virus is

selected from the group consisting of HIV, adult T-cell
leukemia virus, and human immune deficiency virus type IL

16. The method of claim 15, wherein said RNA virus is
HIV

17. A method for treating HIV virus infection, comprising
administering to a subject in need of such treatment, a
pharmaceutically effective amount of an anti-HIV virus
compound and a pharmaceutically effective amount of a
carbostyril derivative represented by the following general
formula (1), or a pharmaceutically acceptable salt thereof:

(1)

wherein R is a benzoyl group which may optionally have
lower alkoxy groups on the phenyl ring as substituents and
the carbon-carbon bond in the 3 and 4 positions of the
carbostyril skeleton is a single bond or double bond.

18. The method of claim 17, wherein said carbostyril 1s
3.4-dihydro-6-[4-(3,4-dimethoxybenzoyl)-1-piperazinyl]-2
(1H)-quinoline or a pharmaceutically acceptable salt
thereof.

19. The method of claim 17, wherein said anti-HIV virus
compound is selected from the group consisting of 3'-azido-
3'-deoxythymidine, 2'3'-dideoxycytidine, 2'3'-
dideoxyinosine, 273'-didehydro-2'3'-dideoxythymidine and
5'3'-dideoxythiacytidine.

20. A method for augmenting phosphorylation on a
nucleoside analogue comprising co-administering to cells,
said nucleoside analogue and a pharmaceutically effective
amount of a carbostyril derivative represented by the fol-

lowing general formula (1), or a pharmaceutically accept-
able salt thereof:
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lower alkoxy groups on the phenyl ring as substituents and

5,670,520

32 |

21. The method of claim 20, wherein said carbostyril is

(1) 3,4-dihydro-6-[4-(3,4-dimethoxybenzoyl)- 1-piperazinyl]-2
(1H)-quinoline or a pharmaceutically acceptable salt

thereof.
5

22. The method of claim 20, wherein said nucleoside
analogue is selected from the group consisting of 9-[(2-
hydroxyethoxy)methyl] guanine, 9-(1,3-hydroxy-2-
propoxymethyl) guanine, 3'-azido-3'-deoxythymidine, 2'3'-

10 dideoxycytidine, 2'3'-dideoxyinosine, 2'3'-didehydro-2'3'-
dideoxythymidine and 5'3'-dideoxythiacytidine.

the carbon-carbon bond in the 3 and 4 positions of the

carbostyril skeleton is a single bond or double bond.
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